Summary: A population of cerebrovascular nerve fibers have recently been found to store serotonin (5-hydroxy tryptamine; 5-HT). There is reason to assume that these 5-HT-containing fibers have a sympathetic rather than an intracerebral origin. This was further elucidated in the present study in which the uptake mechanisms of 5-HT and noradrenaline ( N A) were characterized and com pared in rat pial arteries by measuring the accumulation of , 1984). Since the early report by Nielsen and Owman (1967) on the presence of an extensive supply of sympathetic nerve terminals in cerebral arteries, a wide range of neurotransmitter amines an d peptides have been discovered in nerves asso ciated with brain vessels (Owman et aI., 1986). Among these, serotonin (5-hydroxytryptamine; 5-HT) has attracted special attention since it was re cently found that the indole is present in cerebro vascular nerve fibers of different species (Griffith et aI., 1982; Griffith and Burnstock, 1983; Edvinsson et aI., 1983 Edvinsson et aI., , 1984 Chang and Owman, 1986; Cowen et aI., 1986 Cowen et aI., , 1987.
times higher for NA (2.38 and 25 pmol/mg/15 min, respec tively). The two amines competed with each other in the sympathetic uptake, as studied by inhibition of the accu mulation of one labeled amine by the other nonlabeled Several monoamines exert important effects on the brain circulation (for references, see MacKen zie et aI., 1984) . Since the early report by Nielsen and Owman (1967) on the presence of an extensive supply of sympathetic nerve terminals in cerebral arteries, a wide range of neurotransmitter amines an d peptides have been discovered in nerves asso ciated with brain vessels (Owman et aI., 1986) . Among these, serotonin (5-hydroxytryptamine; 5-HT) has attracted special attention since it was re cently found that the indole is present in cerebro vascular nerve fibers of different species (Griffith et aI., 1982; Griffith and Burnstock, 1983; Edvinsson et aI., 1983 Edvinsson et aI., , 1984 Chang and Owman, 1986; Cowen et aI., 1986 Cowen et aI., , 1987 .
amine. Corticosterone, acting on the extraneuronal pro cess, significantly inhibited the 5-HT uptake but had no substantial effect on NA. Reserpine, blocking the intraax onal vesicular stores, markedly attenuated the accumula tion ofNA, but not of 5-HT. The selective uptake blocker paroxetine reduced the 5-HT uptake with much higher potency than the NA uptake, whereas desipramine pre dominantly inhibited NA uptake. The pial 5-HT uptake was not significantly affected by lesion of the raphe com plex, whereas it was reduced to half following superior cervical ganglionectomy. The results suggest that the 5-HT present in nerves associated with pial vessels at the base of the brain is taken up through an efficient axonal mechanism, functionally related but not identical to the uptake process for NA. Key Words: Axonal uptake-5-Hydroxytryptamine-Kinetics-Noradrenaline-Pial arteries-Sympathetic nerves.
The origin and nature of these cerebrovascular 5-HT fibers are still a matter of controversy. Thus, Edvinsson et aI. (1983) and Scatton et aI. (1985) have suggested that serotonergic nerves originate from the brainstem raphe nuclei, on the basis of measurements of 5-HT levels in small pial arteries from rats. Marco et aI. (1985) using the same ap proach suggested that the 5-HT fibers have not only a central but also a peripheral origin, namely, from the superior cervical ganglion. Recently, Chang and Owman (1986) found that all 5-HT nerve fibers de monstrable by immunohistochemistry in the pial vessels of rats and guinea pigs disappear after cer vical sympathectomy. Observations in the gerbil (Alafaci et aI., 1986) agree with this finding. Fur thermore, we were able to show in the guinea pig that 5-HT coexists with noradrenaline (N A) in the sympathetic fibers innervating the pial arteries at the base of the brain (Chang and Owman, 1986; Chang et aI., 1988) .
As evidenced from the effects of selective neuro toxic agents on the 5-HT nerve fibers and from re-lease studies with radiolabeled 5-HT, it was as sumed that the presence of the indole in at least the large pial arteries does not reflect truly serotonergic nerves but rather an uptake of 5-HT by the sympa thetic nerve fibers (Chang et al., 1989) . Our findings thus agree with recent reports by Levitt and Duck les (1986) and by Saito and Lee (1987) , who do not favor a central origin of the 5-HT innervation of cerebral arteries in rabbit. The aim of the present study was to investigate the kinetic properties for uptake of 5-HT as compared to NA in sympathetic nerves of isolated pial arteries and to further eluci date the origin of the 5-HT-containing fibers sup plying the vessels by the use of this uptake model in combination with surgical denervation. The method used to analyze the problem involves quantitative measurement of the concentration of radiolabeled tracer accumulating under various conditions in the tissue, as a result of a complex process including axonal transport, intraaxonal storage, metabolism, and overflow of the amine back into the medium.
MATERIALS AND METHODS

Animals
Approximately 280 male Sprague-Dawley rats weighing 300--400 g were used in the experiments. The animals were anesthetized with 50 mg/kg i.p. of Brietal (Eli Lilly) in the surgical procedures. Some hundred animals under went bilateral superior cervical ganglionectomy, and 10 animals were subjected to stereotaxic raphe lesions. The latter animals were placed in a Kopf stereotaxic instru ment. The electrode was positioned at the points corre sponding to the dorsal and median raphe nuclei: 1.3 mm anterior to the interaural line, 0 mm lateral to the midline, and 6.5 mm depth from the brain surface for the dorsal raphe nucleus and 8 mm for the median raphe nucleus (Paxinos and Watson, 1986) . The selected region was de stroyed by a radiofrequency lesion adjusted to a temper ature of 65°C for 1 min. Two weeks later the animal was killed and tissues taken for analysis. The brainstem with the lesions was immersed in 4% paraformaldehyde solu tion in phosphate buffer for histological examination. Af ter fixation for 48 h, the brainstem was cut in a cryostat at 20-fLm thickness and mounted on Chromalum-coated slides. Cresyl violet staining was applied to elucidate the extent of the lesion in the area of the raphe nucleus com plex.
Uptake studies
Animals were anesthetized by Brietal (50 mg/kg i.p.) and perfused with 20 ml modified Krebs-Ringer solution (for composition, see below) through the aorta at room temperature during 1 min. The brain was quickly re moved and pial arteries (anterior, middle, and posterior cerebral arteries and circle of Willis) were dissected out under a dissection microscope. The blood was washed away by the perfusion procedure, and adjacent meningeal and brain tissues were carefully removed. The prepara tions were placed in a small vial containing 3 ml modified Krebs-Ringer solution aerated with 88.5% O2 and 11.5% CO2 at 37°C during a 15 -min preincubation period, and then transferred to the same solution containing radiola beled substances during a subsequent 15-min incubation period. Following incubation the tissue was moved into an ice-cold Krebs-Ringer solution for 5 min. In the exper iments with uptake blocker or nonradioactive substances, these were present throughout the preincubation and in cubation periods. The excess solution was removed by blotting with filter paper. After weighing, the tissue was placed in 1 ml Soluene 350 solution for 24 h and then mixed with 9 ml Optiphase MP (LKB) solution. After 5-6 h of equilibration, the radioactivity of the samples was measured in an LKB liquid scintillation counter using quench correction according to the external standard ra tio method. The content of radiolabeled substances was expressed as picomoles per milligram tissue.
HPLC
The brain tissues from 5 controls and 10 animals sub jected to raphe lesions were taken for HPLC measure ment of the content of 5-HT and 5-hydroxyindoleacetic acid (5-HIAA). The animal was perfused with the modi fied Krebs-Ringer solution and pial arteries were col lected for uptake studies as described above. In addition, brain tissues from both sides of the frontal cortex, stria tum, and hippocampus were also dissected out, immedi ately wrapped in aluminum foil, and placed in liquid ni trogen.
For the analysis of 5-HT and 5-HIAA, the brain tissues were homogenized in 5 ml 0.4 M perchloric acid and cen trifuged at 34,000 g for 10 min. After filtration 0.5 ml of the sample was placed in an automatic injector together with 0.1 fLg u-methyl-5-HT as internal standard. Ten mi croliters 5% L-cystein solution was added to the filtrate as an antioxidant for 5-HIAA. The apparatus included a Wa ters Intelligent Sample Processor (WISP 710 B) together with a high-pressure pump (LKB 2150 HPLC pump). A guard column (LC-8 Sapelguard; 2 x 0.3-cm inner diam eter) was used, followed by an LC-8 DB column (15 x O.46-cm inner diameter), both packed with 3-fLm Supel cosi!o The mobile phase contained 4.0 g methane sulfonic acid and 3.0 g orthophosphoric acid per 1 L 3% metha nol, and the pH was adjusted to 2.5. The flow rate was 1.0 ml/min. The working electrode potential was maintained at 0.85 V vS. Ag/AgCl (3 M NaCO reference electrode. For further technical details, see Bengtsson et al. (1986) . 
Analysis of data
Lineweaver-Burk plots were used to calculate Km and V max values for the 5-HT and NA uptakes. The unpaired Student t test was used to compare differences between two experimental groups, and analysis of variance fol-lowed by the Newman-Keuls multiple range test was em ployed to compare differences among more than two groups. A value of p < 0.05 was considered a significant difference.
RESULTS
Accumulation of S-HT and NA in sympathetic nerves
The accumulation of 5-HT and N A in isolated pial arteries was compared in material from control an imals and animals subjected to superior cervical ganglionectomy. The time course for the uptake of the two amines at a concentration of 3 x 10 -7 M over 5-60 min is shown in Fig. 1 . In sympathecto mized samples, the uptake tended to level off after 30 min in the case of 5-HT and after 15 min in the case of NA, whereas in intact samples the accumu lation of radiolabeled amines increased continu ously with incubation time. The amount accumu lated at different concentrations of 5-HT and NA during 15 min is depicted in Fig. 2 . The degree of uptake of 5-HT by sympathetic nerve fibers was much less than of NA at corresponding incubation concentrations. It was notable that the nonsympa thetic component of 5-HT uptake shown in Fig. 2a comprised a higher proportion of the total uptake compared with the situation for N A as shown in Fig. 2b . The neural uptake of both 5-HT and NA appeared to be saturable. On the basis of the con centration-accumulation curves, Lineweaver Burk plots were drawn ( Fig. 2c and d ). Both 5-HT and NA appeared to have similar affinity for the sympathetic uptake, with Km values very close to each other. On the other hand, the V max values for the two monoamines differed from each other by a factor of 10 (Table 1) .
Extraneuronal uptake of S-HT and NA
Corticosterone (3 x 10 -5 M) was used to block the extraneuronal uptake in the pial arteries. Ves sels were preincubated with corticosterone for 15 min with the drug present throughout the incubation with radiolabeled substances. The results are illus trated in Fig. 3 . The 5-HT uptake showed a statis- �--- tically significant reduction by 34%, whereas the small reduction in the NA uptake of 17% was non significant.
Effects of unlabeled S-HT and NA on uptake
This experiment was performed to elucidate whether the two amines competed with each other in the uptake process. a Obtained at the intercept of the regression line with the abscissa in the Lineweaver-Burk plot of Fig take, respectively (both tested at 10-7 M concen trations) (Fig. 4) . The inhibition was concentration dependent, the analysis of variance showing that the uptake was significantly lower (p < 0.05-0.01) at the two highest concentrations of the respective nonlabeled amine tested. To evaluate whether this inhibition occurred at the neuronal or extraneuronal uptake site, parallel experiments were also run with vessels from rats subjected to superior cervical gan glionectomy, assuming that most of the neuronal uptake occurs in sympathetic nerves. In contrast to the results with intact vessels, cold 5-HT and NA did not influence uptake of the corresponding radi olabeled amines in sympathectomized vessels (Fig.  4) In this way the concentration-inhibition curve for the neural uptake could be constructed and the Ieso values for cold unlabeled 5-HT and NA calculated. They were found to be � 10 -7 M, which corre sponds well with the Km values for 5-HT and NA uptakes ( Table 1) .
Effect of uptake blockers
Intraperitoneal injection of 5 mg/kg reserpine (Fig. 5) , which blocks the vesicular uptake without Student's t test: "0.00 1 < P < 0.0 1. aff ecting the axonal transport, reduced the cerebro vascular uptake of 10-7 M radiolabeled 5-HT by 13% measured 20 h after the injection compared with vessels from untreated controls (p > 0.05). On the other hand, the uptake of the same concentra tion of radioactive NA was markedly inhibited, now comprising only 50% of control (p < 0.00.
The specific 5-HT and NA uptake blockers par oxetine and desipramine were tested for their ability to inhibit the transport across the axonal membrane (Fig. 6) . The eH]5-HT uptake (tested at 3 x 10-7 M concentration) was markedly antagonized by parox etine, the effect occurring already at a concentra tion of 10-11 M and reaching a maximum at �1O-9 M. Desipramine behaved as a less potent inhibitor of the eH]5-HT uptake at this concentra tion, with a considerably higher IC 5 0 value than for paroxetine ( Fig. 6a; (concentration as above), showing that the specific NA uptake blocker desipramine inhibited this up take more strongly than paroxetine.
Effects of raphe lesions on 5-HT uptake
The uptake of 10-7 M eH]5-HT into pial arteries was tested 2 weeks after lesion of the dorsal and median raphe nuclei (Fig. 7) . The amount accumu lating was 2.4 1 ± 0.27 pmol/mg, which was not sig nificantly different from the control value of 2.49 ± 0. 18 pmol/mg. Superior cervical ganglionectomy, on the other hand, reduced the uptake of radiola beled 5-HT by half, to a value of 1.26 ± 0.13 pmol/mg, which was significantly different from up take values in controls and in the raphe lesion group (p < 0.05).
The completeness of the raphe lesion was checked both by cresyl violet staining and by chem- ical measurement of 5-HT and 5-HIAA levels in selected brain regions that receive an afferent 5-HT supply from the dorsal and/or median raphe nuclei. The extent of the ablated or necrotic area in each region of the dorsal and median raphe nuclei was -1.5 mm in diameter (Fig. 8) . A 70--80% decrease in the 5-HT and 5-HIAA concentrations was found in all of the three areas measured (frontal cortex, striatum, and hippocampus) following the lesion as compared with tissues from intact controls ( Table 2) .
DISCUSSION
Uptake of 5-HT into sympathetic nerve terminals can be demonstrated in many different tissues. In the pineal gland it has been found that endogenous 5-HT can be taken up into NA-containing sympa thetic nerve fibers from the surrounding 5-HT-storing pinealocytes (Owman, 1964) . Several recent reports indicate that exogenous 5-HT can be taken up at low concentration into the sympathetic terminals of cerebral arteries, and that this uptake can be abolished by either chemical or surgical sym pathectomy. The 5-HT taken up into the perivascu lar nerves can be released by electrical stimulation and cause vasoconstriction (Kawasaki and Takasaki, 1984; Paiva et aI., 1984; Cohen, 1985; Co hen et aI., 1987) , as demonstrated also in brain ves- sels (Verbeuren et aI., 1983; Levitt and Duckles, 1986; Saito and Lee, 1987; Chang et aI., 1989) .
Our own study on the cerebrovascular system (Chang et aI., 1989) has focused on the nature and origin of the 5-HT-containing nerve fibers supplying the pial arteries at the base of the brain in the rat. The specific 5-HT neurotoxic agent 5,6-dihydroxy tryptamine had no effect on the 5-HT-immuno reactive fibers in the basilar artery, whereas 6-hydroxydopamine, which acts predominantly on noradrenergic neurons, abolished the 5-HT immu noreactivity in the fibers. When pial vessels from untreated animals were incubated with low concen trations of 5-HT, the plexus of 5-HT-immuno reactive fibers around the wall of pial vessels in creased in density. 5-HT could be released upon electric stimulation, and this release was abolished by previous superior cervical ganglionectomy, co caine pretreatment, or tetrodotoxin. The experi ments suggested that the immunohistochemically visible 5-HT in pial arteries is the result of an en dogenous uptake into the sympathetic nerve termi nals. Although many studies have addressed the question of a nonneurogenic uptake of 5-HT into vascular tissues (Junod, 1972; Buchan et aI., 1974; Iwasawa and Gillis, 1974; Spatz et aI., 1981; Kjell strom et aI., 1984; Fukuda et aI., 1986a,b) , no ki- Values are means ± SEM, n = no. of animals.
netic study of the 5-HT uptake into the sympathetic system of these tissues has been performed. The present investigation was conducted to explore this Issue.
The difficulty encountered in kinetic analysis of amine uptake into the nerve terminals of blood ves sels is the substantial accumulation of amines into nonneurogenic compartments, such as the connec tive tissue, smooth musculature, endothelium, and extracellular spaces. Thus, the usual procedures ap plied in uptake studies on brain slices or synapto somes are not suitable for peripheral tissues. It is not possible to use O°C as a blank, since at this temperature the nonneurogenic uptake is also inhib ited (Gillespie, 1973; Sweet and Levin, 1983; Fukuda et aI., 1986a) . Nor do the so-called uptake) inhibitors fit this purpose since they also influence the nonneurogenic uptake, the uptake2 process (Junod, 1972; Fukuda et aI., 1986a) . Taking advan tage of the well-known sympathetic innervation of cerebral vessels (Nielsen and Owman, 1967) , we used superior cervical ganglionectomy as the blank. The difference between data from intact and gan glionectomized groups of animals is attributed only to the sympathetic uptake of the amines, because the de nervation has no important influence on the nonneurogenic uptake process (Gillespie et aI., 1970; Morton, 1987) . As the origin and distribution of the sympathetic innervation in the lower part of the basilar artery and vertebral artery may vary in individual animals, even from one and the same species (Kajikawa, 1968 (Kajikawa, , 1969 Cowen et aI., 1987; Arbab et aI., 1988; Chang et aI., 1989) , this portion of pial vessels was excluded from the uptake studies to improve the accuracy of the analysis.
The uptake of 5-HT and NA into the sympathetic fibers was saturable with respect to concentration in the course of a 15-min exposure to the respective radioactive amine. When vessels were incubated for extended time periods, up to 60 min, in the pres ence of a fixed concentration of the radiolabeled amine, there was, however, a continuous increase in the net (i.e., neural) uptake. This may have been due to the high activity of monoamine oxidase in the perivascular sympathetic nerve fibers of pial arter ies (Hardebo et aI., 1980) providing a continuous metabolism of the intraneurally accumulating amine. The K m values obtained for the uptake of radio labeled 5-HT and NA were quite similar, _10-7 M. It has been shown that these amines accumulate in the central and peripheral nervous system with Km values close to those found in the present study (Lightman and Iversen, 1969; Ross and Renyi, 1969; Shaskan and Snyder, 1970; Gershon and Alt man, 1971; Philippu and Matthaei, 1975; Koevary et aI., 1983) . Despite the contradiction in the principal conclusion, the present data agree well with the re sults from Scatton et aI. (1985) in rat and rabbit pial vessels, which were claimed to be supplied from intracerebral sources of serotonergic neurons. This may imply that 5-HT also under physiological con ditions is taken up by sympathetic nerves of cere bral vessels where it is co-stored with NA (Chang et aI., 1989) . The amount of 5-HT taken up was only one-tenth of the NA uptake, as demonstrated by the V max values. Moreover, the indole was stored in a reserpine-resistant pool, in contrast to NA. If the amines had shared the same vesicular storage site, similar affinities for the uptake into these stores should have been anticipated (Seidler et aI., 1977; Slot kin et aI., 1978; Slotkin and Bareis, 1980) . In analogy with this, it has been found that neuropep tide Y, which is another mediator stored in the ce rebrovascular sympathetic nerves (Ow man et aI., 1987) , is also resistant to the effect of reserpine, whereas 6-hydroxydopamine, which abolishes the 5-HT immunoreactivity from the pial sympathetic fibers (Chang et aI., 1989) , markedly depletes neu ropeptide Y from the nerves (Lundberg et aI., 1982 (Lundberg et aI., , 1985 Stjernquist and Owman, 1987) . The results suggest that 5-HT is not the host transmitter in ce rebrovascular sympathetic nerves, but may rather act as a neuromodulator, stored in an axonal mech anism different from the NE storage, to assist in the regulation of sympathetic functions.
The assumption that 5-HT is taken up into cere brovascular sympathetic nerves as part of a physi-ological process is further supported by the finding that 5-HT and NA competed with each other in their uptake into the nerve terminals. The IC 5 0 val ues for inhibition of the 5-HT and NA uptake by corresponding unlabeled amines were quite similar to the Km values for either amine, suggesting that they may be transported through functionally re lated channels into the sympathetic fibers. N A ap peared to be more efficient in its inhibition of the eHl 5-HT uptake compared with the inhibition of the uptake of eHl NA in the presence of unlabeled 5-HT. This may be explained in several ways. One possibility is that the pump may carry different quantities of 5-HT and NA across the axonal mem brane in the cerebral arteries, or, in view of the results from the specific uptake blockade studies, there may be fewer 5-HT transport sites. Although the two amines showed the same affinity, they may be transported into the nerve terminals through dif ferent channels. The results from the reserpine ex periments would suggest that the quantitative dif ference may be related to differences in the intraax onal storage mechanisms rather than to differences at the level of the uptakel process.
In contrast to the competition of the uptake into sympathetic nerve terminals, cold NA and 5-HT had no effect on the uptake of labeled amines in vessels from the ganglionectomy group. The results are in accordance with findings by others suggesting that extraneuronal uptake of NA and 5-HT may take place through different mechanisms (Iwasawa and Gillis, 1974; Fukuda et aI., 1986a,b) .
In the case of 5-HT, the amount of extraneuronal uptake depended to a higher degree on the increase in concentration and in the time period of incuba tion, whereas the NA uptake tended to level off at a lower concentration and shorter incubation time. Thus, the proportion of extraneural to intraneural accumulation was higher for 5-HT than for NA. This was further confirmed in the experiment with corticosterone, which is among the most potent and specific extraneuronal uptake inhibitors (Salt, 1972; Eckert et aI., 1976) . The steroid significantly de pressed the uptake of 5-HT, having little effect on NA.
The actions of the specific inhibitors of 5-HT and NA uptake, paroxetine and desipramine, were tested to further characterize the uptake mecha nisms. Levitt and Duckles (1986) reported that the 5-HT uptake blocker fluoxetine inhibits 5-HT and NA uptake into rabbit basilar artery to the same degree, whereas Amenta et al. (1985) found that fluoxetine at a concentration of 10-7 M substan tially inhibits the 5-HT uptake, whereas desi pramine even at 10 -5 M had no influence at all on the 5-HT uptake. In the present study, both parox itine and desipramine inhibited the 5-HT as well as the NA uptake, but to different degrees. The rela tive potency of the uptake blockers was consistent with the specific affinity to their respective sub strate. The reason for this different affinity may be due to the presence of two functionally related transport sites in the axonal membrane of the cere brovascular sympathetic nerve terminals sensitive to paroxetine and desipramine, respectively. An other possibility is the existence of a separate in nervation of brain vessels by serotonergic fibers that take up 5-HT through paroxetine-sensitive channels, in line with the suggestion by Amenta et al. (1985) . The raphe lesion experiment was there fore performed to investigate if the 5-HT uptake was affected. The dorsal and median raphe nuclei have been claimed by some authors to be a major source for the 5-HT innervation of rat pial arteries. Marco et al. (1985) have found that the 5-HT con tent in cat cerebral arteries is decreased both by superior cervical ganglionectomy and by raphe le sion and proposed a dual innervation of the cerebral circulatory bed. The results can be interpreted in an alternative way: After raphe lesion, the 5-HT con centration in the cerebrospinal fluid and hence in the environment of the pial vessels may decrease, thereby reducing the concentration of indoleamine available for uptake into the sympathetic nerves. Because of this source of error, the 5-HT uptake may serve as a better model to investigate the origin of neural 5-HT associated with pial vessels. Amenta et al. (1985) using homogenized preparations from rat pial arteries found that the 5-HT uptake was markedly reduced after raphe lesion, but no change was observed after superior cervical ganglionecto my. The results from the present study, however, showed a significant decrease in the 5-HT uptake after cervical sympathectomy, under both condi tions of different eH]5-HT concentrations and dif ferent incubation times. On the other hand, raphe lesions had no effect at all on the 5-HT uptake in the pial arteries. The reason for this discrepancy is un known. Since the same concentration of eHl 5-HT and the same species were used, differences in preparation of the tissues and in the incubation time may have contributed. To make sure that the raphe lesion was complete, parallel HPLC measurements of the 5-HT and 5-HIAA contents in different brain regions were made. The dorsal and median raphe have a mixed projection to widespread brain areas, including cortex (Moore et aI., 1978) . The hippo campus receives afferent fibers predominantly from the median raphe, while the striatum is innervated by the dorsal raphe (Jacobs et aI., 1978; Bobillier et aI., 1979; Van de Kar and Lorens, 1979) . We there fore chose cerebral cortex, hippocampus, and stri atum to measure the 5-HT concentration in control and raphe lesion groups. In all the samples from lesioned groups in which corresponding uptake studies were carried out, the 5-HT concentration was reduced by 70-80%, confirming that the raphe lesion was complete.
In conclusion, perivascular nerves supplying pial arteries at the base of the brain take up 5-HT with the same high affinity as NA, although it does not seem to be accumulated in vesicular stores to the same extent as the catecholamine. The uptake of radiolabeled 5-HT is inhibited by NA, as well as by the selective uptake blocker paroxetine, which is more potent than desipramine, suggesting that the axonal transport mechanisms for the two amines are functionally related but not identical. The marked reduction in the 5-HT uptake caused by sympathectomy, in contrast to raphe lesions, con firms the sympathetic origin of the perivascular nerves responsible for the 5-HT uptake.
